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1.  PROJECT i  No.  6-1  -  Determination  of  the  Visual  Requirements  for  Various 
Task*  in  Armored  Vehicles;  Subject!  Study  of  Errors  in  Range  Estimation  with  the 
Unaided  Eye. 

a.  Authority!  Letter  Commanding  General,  Headquarters  Armored  Force, 

Port  Khooc,  Kentucky,  File  400. 1  ./6  GNOHD,  dated  September  24,  1942. 

j  r:  ’  ,  r. 

b.  Purpose!  To  study  the  accuracy  of  range  estimation  without  visual 
aids  among  tank  crew  trainees  with  special  reference  to  (1)  degree  of  accuracy 
obtained,  (2)  possibility  of  preselection  of  the  more  competent  individuals,  (3) 
improvement  with  training,  and  (4)  Influence  of  the  character  of  targets  and  terrain. 

2.  DISCDSSIONi 

a.  Range  estimation  is  one  of  the  most  important  and,  at  the  same  timo, 
least  accurate  element  in  tank  gunnery.  Previous  studies  of  visual  range  estimation 
performance  have  dealt  with  the  average  proficiency  or  lack  of  it  in  groups  of  sol¬ 
diers,  the  burden  of  the  investigstions  being  concerned  primarily  with  the  magnitude 
of  the  mean  errors,  and  the  influence  of  the  distance  of  the  target  on  the  accuracy 
of  its  estimate.  In  substance,  however,  the  outstanding  finding  has  been  that  troops 
in  general  do  not.  estimate  ranges  accurately  enough  to  secure  hits  with  ths  first 
round  of  fire,  and  that  the  errors,  being  of  the  order  of  20£  or  more,  necessitate 
bracketing  with  several  rounds,  befors  the  target  is  struck.  It  seemed  desirable, 
therefore,  to  inquire  more  fully  into  the  measures  that  might  be  adopted  to  Improve 
this  situation.  Such  measures  might  be  i 


The  incorporation  of  range  finders  as  standard  equipment  for 
tanka.  tX  the  present  time  there  are  none  in  American  tanks  in 
c  cm  bat  theatres  and  the  current  opir  ‘.on  is  that  the  time  required 
to  remove  the  range  finder  from  its  stowage,  mount  it,  and  use  it, 
is  not  frequently  available  in  combat.  New  types  of  range  finders 
aro,  however,  onder  consideration  for  limited  issuo,  but  it  is 
generally  agreed  that  the  tactical,  lighting,  and  terrain  con¬ 
ditions  aro  not  always  suitable  for  their  use.  Furthermore, 
special  training  may  be  a  complicating  requisite  for  their  effect¬ 
ive  employment. 


(2)  Calculati<»?  ef  distance  from  the  angle  aubtersdod  bv  tho  turret 
on  a  mil  ocalo.  For  this  to  be  done  accurately,  the  optical 
instrument  must  be  stable,  as  would  be  the  case  with  tho  tank 
telescope  if  the  tank  were  stationary,  but  not  with  binoculars; 
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and  the  else  of  the  target  cuat  be  known.  Tic*  is  required 
for  the  calculation;  and,  sore  Important,  the  precise  target 
size  will  not  be  generally  known. 

(3 )  Irt  -'sire  training  of  tank  creasen  in  estimation  with  the 

unaided  eye.  As  pointed  out  above,  studies  of  the  perfortsance 
of  sen  have  generally  indicated  relatively  iaperfect  performance, 
Coe  say  therefore  raiee  these  questional 

(a)  Can  the  technique  of  instruction  be  improved,  with  con- 
sequent  reduction  in  the  error  of  estimate? 

(b)  Would  sore  intensive  instruction  of  tank  crevata  produce 
better  reeuitfe?  (A  recent  AQRG  report,  Ko,  225  on  The 
Accuracy  of  visual  Estlcatica  of  Initial  Range... concludes 
tiiat  "...an  iaprovenent  in  performance  by  the  SCO  category 
of  personnel  is  possible  by  continuous  training  and  practice 
in  range  estimation"*,) 

(«)  Should  tank  cresaen,  or  core  particularly  tank  ccessndor* 
and  gunners,  be  selected  for  their  proved  or  potentially 
superior  capabilities  in  range  estimation?  (The  antiair¬ 
craft  and  coast  artillery  ccocands  devote  several  weeks  to 
training  on  height  and  range  finders,  of  sen  preselected 
for  their  intelligence  and  the  excellence  of  their  vision.) 

b.  The  range  estimation  records  of  a  large  group  of  men  for  32  targets  on 
three  different  range*  were  obtained  for  study  from  the  gunnery  department  of  the 
AHTC.  This  analysis  undertake*  to  evaluate  from  these  records  five  aspects  of  the 
range  estimation  problem 

(1)  The  general  level  of  competence  of  men  in  training  as  tank 
crewsea, 

(2)  The  level  of  excellence  of  tbs  10  most  capable  men  of  the  group. 

(3)  The  degree  of  improveaent  with  training, 

(4)  The  relat ionabip  of  g snare!  vision  and  of  previous  civilian 
experience  to  accuracy  in  Judging  distance, 

(5)  The  influence  of  the  character  of  tbs  target  on  the  estimate 
of  its  distance. 

3.  COKCLPSIOHS  t 

a.  The  mean  error  for  all  4472  estimates  was  26,6%,  This  was  considerably 
highsr  than  the  median  error  of  2Q£  for  the  reason  that  one-sixth  of  all  -estimates 
were  in  error  by  more  than  4C£.  On  the  other  hand,  slightly  less  than  one-third 
of  all  estimates  were  exceptionally  good,  being  incorrect  by  Isas  than  lOjt. 


t.  Soto*  next  possess  outstanding  skill  in  estimating  distances.  There 
nr  ere  10  mra  in  the  present  group  whose  median  error  for  32  separate  range  esti- 
MtM  was  13$  or  less,  the  best  having  a  median  error  of  only  3$.  These  sen  had 
had  only  several  weeks  basic  military  training  prior  to  this  teat. 

c.  The  failure  of  the  group  as  a  whole  to  improve  in  successive  jxsercisc* 
suggests  that  the  technique  and  extent  of  instruction  does  not  substantially  la- 
crease  the  range  estimation  proficiency  of  trainees. 

dc  The  best  and  poorest  range  estimators  of  this  and  of  another  group  of 
sea,  specially  examined,  could  not  be  distinguished  on  the  bases  of  civilian  occupa¬ 
tion,  participation  in  outdoor  sport,  urban  or  rural  residence,  cr  vision  teste. 

e.  The  tendency  to  underestimate  the  distance  to  targets  with  sharp, 
well-defined  contours  was  consistent.  Samples  of  such  targets  were:  vohicles, 
coniferous  trees,  end  range  limit  markers.  The  targets  most  frequently  over¬ 
estimated  were  partly  hidden  objects  and  those  with  low  contrast.  Neither  the 
targets  azimuth  nor  distance  up  to  1300  yards  appeared  to  influence  the  pattern 
of  error, 

4.  BECQflSNPATIOKSt 

a.  That  identification  of  the  a ore  competent  range  estimators  be  regarded 
at  an  important  consideration  is  the  selection  of  tank  cccsanders  and  gunners. 

b.  That  the  reasons  for  the  apparent  superiority  in  range  estimation 
possessed  by  some  individuals  be  fUrtlsr  investigated  as  a  basis  for  improving 
range  estimation  instruction  generally. 

c.  That  Improved  device*  and  techniques  for  range  estimation  instruction 
bo  sought. 

d.  That  the  influence  of  the  character  of  the  target  be  pointed  out  in 
Imparting  range  estimation  instruction  to  sen.  In  particular,  the  tendency  to 
underestimate  the  distance  to  targets  of  sharp  outline  should  be  appreciated.  This 
may  be  of  importance  when  fire  is  directed  at  a  terrain  feature  which  is  selected 
because  of  its  inferred  proximity  to  an  enemy  etrongpoint. 

e.  That  investigation  and  development  of  built-in  tank  range  finder  be 
continued. 

NOTE:  The  recommendations  as  set  forth  in  this  project  have  been  concurred  in  by 
Col.  Fred  V.  UaidLnney,  Chief  of  Staff,  Armored  Center. 

Submitted  by: 

Arthur  Freedman,  Captain,  HC 
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#4  -  Figure*  1,  2  sad  3*  to  3p 
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APPENDIX  I 


ACCURACY  OP  RAMSE  SSTUiATICfi 


1,  Introductory. 

7h«  present  «tudj  of  accuracy  of  direct  rung*  estimation  with  the  ta>- 
aided  eye  makes  use  of  data  obtained  froa  troops  in  the  gunnery  section  of  basic 
training  at  the  Anaored  Replacement  Training  Center.  Toere  were  32  targets  in  all 
aisd  on  these  a  total  of  4472  separate  estimates  were  made.  The  32  targets  were  * 
esa  3  ranges,  each  range  being  employed  in  a  separate  tMrcise* 

,  ^  “  Within  the  barracks  a ret  of  the  Post — 10  targets,  aporcoci- 

■atsly  175  «a  participating, 

#2  «  On  Steele's  Firing  Range  #4— in  open  country — 10  targets— 
approximately  the  sans  175  men. 


#3  ~  Cfc  Steele's  Firing  Range  #3— in  ones  country— 12  targets 
approximately  95  of  the  original  1?5  men. 


b.  Esugea  are  routinely  estimated  by  the  man  in  groups  of  10  to  20.  as 
of  their  gunnery  instruction  course ,  under  the  supervision  of  an  officer  or 
NCC.  For  each  range,  the  individual  is  givsa  a  blank  fore  on  which  he  is  inatructsd 
to  write  a  one-word  description  of  tbs  target,  and  his  estimate  of  the  distance  in 
tb*  t*rgrt  pointed  out  to  him  by  the  instructor.  He  ie  permitted  to 
identify  the  target  with  binoculars,  but  the  distance  estimate  is  made  with  the  un¬ 
aided  eye.  At  the  termination  of  the  exercise  the  men  are  told  the  correct  range 
each  target  sad  they  then  compute  their  scores.  It  is  of  interest  that  although 
the  program  U  intended  for  instruction,  it  is  generally  conducted  more  in  the  manner 
of  an  cyaal nation,  with  no  clues  given  by  tbs  instructors  until  tbs  estimates  have 


2.  Performance  of  the  Group  as  a  Khole. 

»•  Li1™  ov*r*n  accuracy  of  all  the  estimate#.  Pswer  than 

a  vhird  were  within  10?  of  tne  true  range;  approximately  one-half  were  within  20? 

on*"*1*th  *•”  *>rs  than  40?  in  enw.  The  mean  error 
was  26.o?,  and  the  median  error  was  20?.  Since  this  is  the  only  range  estimation 
practice  which  many  of  these  msn  receive  before  going  overseas  as  replacements,  it 
would  seem  that  they  had  not  developed  their  skill  to  a  high  point  ©fsxcsllence. 


b.  Of  the  entire  group, S6  of  the  men  estimated  the  distances  to  all  32 
targets.  The  distribution  of  ths  median  estimation  error*  of  these  can  is  shown 
in  Figure  2,  For  this  group  ths  mean  error  without  regard  to  sign  was  26.0?  with 
s  standard  deviation  of  f  12,5?  and  a  probable  error  of  the  mean  of  +  ,?1?, 

3»  performance  of  Superior  Individuals. 

Many  of  the  scores  in  the  group  of  66  men  indicated  highly  superior  ability 


lad,  A 


1 


in  range  estimation.  The  beet  individual  estimated  all  32  targets  with  a  median 
error  of  6*  and  a  mean  of  12,3*.  The  median  error  for  the  beet  10  men  of  this 
group  was  13X  or  lea#.  Table  1  gives  the  individual  scores  of  these  10  men,  to¬ 
gether  with  a  partial  tabulation  of  the  magnitude  of  their  errors  on  all  the 
targets.  These  are  compared  in  the  same  table  with  the  performance  of  the  10 
poorest  performers. 


TAILS  1 

THX  PERFORMANCE  0?  THE  10  BEST  AND  10  POOREST  RASGE  ESTIMATORS 

08  32  TARGETS  ' 


Rams 

Median 
*  Error 

Arithmetic  i 
Mean 
t  Error 

No,  Estimates 
Accurate 
Within  10* 

No.  Estimate* 

In  Error 

By  50%  c r  more 

BEST 

XTs.j.g. 

8 

■  12.3. 

19 

0 

2.  H.J.S. 

9.5 

13.2 

16 

1 

3#  r. r.j. 

10 

14.4 

15 

0 

4,  T.F.B. 

10 

17.5 

12 

2 

10.5 

i2.7 

15 

0 

11 

18.5 

12 

2 

12 

14.2 

14 

1 

8,  W.J.K. 

12 

19.9 

24 

4 

9*  R.R.H. 

12.5 

19.6 

13 

2 

13 

16.6 

11 

1 

POOREST 

1#  J.I.D. 

39.5 

101.9 

6 

12 

2.  A.A.S. 

34.5 

35.5 

3 

6 

3.  H.S.T. 

33 

29.3 

9 

9 

4.  J.A.Z, 

32 

43.0 

5 

10 

5.  R.5. 

31.5 

30.0 

6 

4 

6,  H.L.C 

31 

40,6 

3 

9 

7.  G.G.B. 

29 

32.1 

7 

7 

8,  D.EJI. 

28.5 

46.8 

5 

n 

9.  R.G.M, 

28.5 

30.3 

6 

7 

10.  U.C.B. 

(FOR  CCMPAB- 
13  ON) 

28  , 

29.6 

6 

5  • 

&1L  MEN 


20 


2 6.6 


4.  Influence  of  Training. 
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£,  Th-a  target  distances  on  Range  jtl,  §2  and  jf3  were  estimated  in  that 
vjdar  with  intervals  of  a  few  day*  between  exercises.  The  score*  indicate  that 
the  sen  did  not  Isprv vs  in  their  performance  on  tha  successive  ranges #  but 
act'ially  tended  to  do  acre  poorly  and  accordingly  did  not  profit  fre*  their 
instruct}. 


TABLE  2 

PSKC2ST  0?  ACCURATE  ESTIMATES  AND  MEAN  ERROR  5?  RANGES 


1 

%  of  Estimates 
Accurate  with- 

Mean  Error 

in  10* 

of  all  acn 

Range  #1 

40.2* 

13.3* 

Range  #2 

26.2% 

31.9* 

Range  £3 

22.6% 

27.6* 

AIL  TARGETS 

26.6* 

b.  The  targets  and  locale  of  Range  #1  were  undoubtedly  sore  familiar 
to  the  men  than  those  on  Range  #2  and  £3.  since  Range  #1  is  in  the  urban  part  of 
the  Post,  and  Ranges  #2  and  #3  are  in  open  country.  This  resulted  in  relatively 
greater  accuracy  of  range  estimation  on  Range  #1  (Table  3).  The  targets  on 
Ranges  #2  and  #3,  on  the  other  hand,  were  approximately  equal  with  regard  to 
difficulty  of  range  estimation,  as  *hc*a  in  Table  3,  wherein  it  is  noted  that 
the  number  of  men  caking  better  scores  on  one  of  these  two  ranges  is  approxi¬ 
mately  equal  to  the  number  of  men  making  better  scores  on  the  other. 
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TABLE  3 


COMPARATIVE  DISTRIBUTION  0?  THE  MEAN  ESTIMATION  ERRORS 
OP  86  MEN  FOR  THE  3  RANGES  ON  17HICH  THE!  VTER2 
SUCCESSIVELY  TESTED  AT  ASOCT  3-DAT  INTERVALS 


NUMBER  0? 

HEN 

Lower  Mean  Error*  on  Range  §3  a*  eospered  with  Range  £2 

40 

Higher  ■  *  *  Range  #3  *  *  *  Range  #2 

45 

Ho  difference  in  Mean  Error*  on  Rang*  #3  a*  ocapared 

1 

with  Rang*  #2 

86 

} 

Lower  Mean  Errors  on  Range  #2  a*  c capered  with  Range  #1 

29 

Higher  1  *  1  Range  #2  *  *  Range  A 

2Z 

86  ; 

Lower  Mean  Error*  on  Range  #3  e*  coopered  with  Rang*  §1 

23 

Higher  *  *  ■  Range  £3  *  *  *  Range  §1 

&  i 

86; 

BOTE  -  Range  #1  in  urban  part  of  ?o«t 

Range*  £2  and  #3  in  open  country  on  firing  rang** 
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APPENDIX  II 


C0» iSIDERATICKS  RELATIVE  TO  PRESELECTION 


10  Civilian  Occupation  and  Rosjder.cc, 

Tho  con  at  the  Replacement  Center  whose  range  estimates  forced  the  basis 
of  thia  study  had  gone  overseas  by  tho  tics  analysis  of  the  data  was  completed. 
Consequently,  it  *as  not  possible  to  interview  er  further  examine  them  to  dis¬ 
cover  any  attribute*  which  might  be  responsible  for  the  performance  of  the  best 
and  poorest  individuals.  The  only  information  available  was  with  regard  to  place 
of  residence  and  civilian  occupation,  which,  u  indicated  in  Table  4,  does  not 
appear  to  offer  any  basic  for  distinguishing  between  the  superior  and  poorer 
froupe. 


TABLE  4 


CIVILIAN  OCCUPATION  AND  RESIDENCE  OP  TEN  BEST  AND  TEN  POOREST  RANGE  ESTBUT0B3 


i 


2 .  Vision  and  Participation  in  Sport. 

a.  Accc.'dingly  moro  catena lv«  examinations  ware  made  on  other  similar 
classes  of  msn  from  the  ARTC.  The  ten  best  and  the  ten  poorest  range  estimators 
of  two  classes  were  given  vision  tests  with  the  Keystone  Toloblnocular,  and  tho 
ten  best  and  ten  poorest  of  one  class  were  questioned  regarding  civilian  occupa¬ 
tions  and  hobbies.  The  eye  tests  Included  examinations  for  acuity,  astigmatism, 
binocular  fusion  and  heterphoria,  otereopsis,  and  color  vision.  The  results  of 
these  tests  nay  be  summarized  as  f ollowu  t 

Of  the  20  best  range  estimators t 

15  men  had  completely  satisfactory  vision 

1  man  was  color  blind 

1  man  had  moderately  diminished  visual  acuity  . 

3  men  had  multiple  vision  defects 

Of  the  20  poorest  range  estimators i 

12  men  had  completely  satisfactory  vision 

2  men  were  color  blind 

2  men  were  astigmatic 

4  men  had  multiple  vision  defects; 

b.  In  view  of  the  similarity  between  these  two  groups,  it  seems  that 
neither  the  possession  of  normal  vision  nor  the  existence  of  visual  defects  deter¬ 
mined  the  range  estimating  ability  of  this  group  of  men. 

o.  Of  the  10  best  range  ostlmatore  who  were  questioned  concerning 
civilian  sports  activities i 

4  men  were  farmers  and  had  hunted  extensively 

4  men  had  lived  in  the  country  but  had  hunted  little 

2  men  were  city  dwellers  with  no  hunting  or  golf  expsrelnoe  ’ 

Of  the  10  poorest  range  estimators  so  questioned: 

5  men  were  farmers  and  bad  hunted  extensively 

2  men  had  lived  in  the  country  but  had  hunted  little 

3  men  were  city  dwellers  with  no  hunting  or  golf  experience 

d.  It  seems  unlikely  from  these  comparisons  that  previous  civilian  exper¬ 
ience  exerts  a  consistent  influence  on  rangs  estimating  ability,  although  somo  men 
who  may  have  been  surveyors,  hunters,  or  golfers,  undoubtedly  do  profit  by  these 
l  activities/ 

o.  By  exclusion,  the  inference  seems  to  be  that  judgment  of  distance  is  a 
special  skill  which  is  either  inhorent  or  con  be  leamod  through  diligent  application ; 
that  it  may  not  be  much  impaired  by  moderate  vision  defects;  and  that  no  method  is 
apparent  as  yet  for  selecting  in  advance  of  actual  trial,  those  Individuals  whose 
performance  Is  likely  to  be  superior  to  that  of  other  man. 
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APPENDIX  HI 


INFLUENCE  OF  CHARACTER  OP  TARGET  AND  TERRAIN 


1*  Certain  factors  which  oay  conceivably  Influence  the  accuracy  of  range 
estimates  are  those related  to  the  nature  of  the  target  and  its  surrounds ,  in¬ 
cluding  Illumination  and  contrast. 

a.  In  this  regard  instructions  in  the  Basie  Field  Uanual,  U.  S.  Carbine, 
Caliber  o30  U,  FU  23-7  «tute  thati 

Objects  seem  nearer: 

(1)  When  the  object  is  in  bright  light; 

(2)  When  contrast  la  sharp; 

(3)  When  the  line  oi*  sight  is  over  a  uniform  surface; 

(4)  When  the  line  of  sight  is  downward; 

(5)  When  looking  over  a  depression  most  of  which  is  hidden; 

0bjoct3  seen  more  distant! 

(1)  When  looking  over  a  depression  most  of  which  is  visible; 

(2)  When  there  is  poor  light  or  fog; 

(3)  When  only  a  small  part  of  the  object  can  be  seen; 

(L)  When  the  line  of  sight  is  upward  from  low  ground; 

b.  An  analysis  of  the  estimated  on  the  32  targets  confirms  the  principles 
outlined  above,  to  the  extent  possible  in  a  study  of  this  limited  extent.  In  most 
instances  the  errors  in  estimating  the  distances  to  targets  which  were  clearly  scent 
and  charply  outlined  ware  characteristically  underestimates.  O  ersely,  some  of 
the  targets  which  were  overestimated  presented  indistinct  outlines.  Howevor, 
neither  the  targets  most  frequently  estimated  coivectly  (i.e.  within  10%),  nor 
those  with  no  consistent  pattern  of  error,  possessed  attributes  in  common  to  suggest 
an  explanation  for  the  pattern  of  the  distance  estimates. 

c.  Table  5  gives  a  description  of  the  32  targets,  with  their  distances 
and  aslmnths,  the  percentage  of  accurate  estimates,  and  the  percentage  of  in¬ 
accurate  estimates,  partitioned  for  over-  and  underestimation. 
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TABLE  5 


DESCRIPTION  OP  TARGETS 

A8HANGED  Di  ORDER  OP  DECREASING  PERCENTAGE  OP  UNDERESTIMATES 


RA^-E  -  Urban  Area  of  Pori  Knox;  Observation  Point  on  Knoll. 

R/vi  *>  •  »*»  •-  -  Firing  Range  in  Rolling  Count:/;  Cbaervation  Point,  Top  of  Slight  Rise 
RANGE  if 3  -  Firing  P.ange  in  Partially  Cleared  Rolling  Country;  Observation  Foist 
in  Fist  Clearing. 

(Correct  estimate*  ere  those  within  lOjS  of  true  range; 
erroneous  estimates  are  those  more  than  10%  in  error.) 


i 

Range 

No. 

Tar 

1 

j  Dis- 

Azi¬ 

muth 

1^  Cor-r 
Iroct 

%  krreneous 
Estimates 

ge«* 

Ho. 

Description 

tance 
'  Yds. 

Remarks 

|Esti- 

imatsa 

over 

short 

3 

4 

Range  marker 

365 

£ 

Sharply  outlined, 
brightly  striped.- 

16 

9 

75 

3 

Trunk  of  dead  tree 

699 

SHE 

Framed  by  clearing  in 
woods,  but  beyond  the 

woods. 

18 

11 

71 

3 

11 

Jeep  near  'saH 
shed 

149 

Sharply  outlined. 

12 

17  . 

70 

3 

6 

Range  ®&rk*r 

653 

ss 

Sharply  outlined, 
brightly  striped. 

23 

13 

63 

1 

Lnrge  lone  oak 
treo 

710 

SHE 

On  upward  elope  of 
clearing. 

39 

4 

57 

2 

6 

Pile  ecrap  metal 

543 

Sslcar  horizontal  line 
of  sight — no  obstruc¬ 
tion  to  vision. 

23 

21 

'  56 

Jf 

1 

Lose  pine  tree 

526 

KHE 

Up  gradual  slope  to¬ 
ward  horizon. 

15 

30 

53 

2 

n 

* 

. 

Jeep  body 

333 

E 

Clearly  seen— contrast 
low. 

24 

24 

52 

i 

i3 

_ 

3 

Brckes  track  bod> 

1045 

2y> 

Top  of  body  risible 
through  bru3h— dead 
ground  intervening  be¬ 
yond  crest  of  upward 
slope. 

24 

25 

•  50 

j 

i 

7 

• 

■  i 

i 

TABLE  5  (cont'd) 

i 

f 

f 

rect 

Esti¬ 

mates 


4  Corner  oi  large  513 

bldg, 

3  8  Jeep  under  cedar  495  WSW 

tree 

1  Barracks  bldg,  843  K 


2  j  2  [Broken  deem  truck  45£ 


2  1&  iSaall  shed 


9  }  Black  truck 


4  |  Rusty  broken  down  732 
truck  1 


3  7  Telephone  pole 

2  8  Truck  body 

1  6  Corner  of 

barracks 

2  9  Safety  sarksr 

3 


SST  Lcsr  contrast. 

Against  woods. 

E  Partly  hidden  by  foil 
a  gs — indict  inc  t— con¬ 
trast  very  lor, 

S  Sighted  G-r*r  high 
coal  piles, 

S  Brightly  striped— 
but  seen  on  edge, 

EE  Little  sore  than  cab 
visible  due  to  brushy 
terrain  irregularity 
and  low  contrast. 


2 


Broken  truck  body 


735 


28 


34' 


T 


TABU  5  (cont*d) 


Azi¬ 

muth 


3  j  5  Battered  truck  body  825 


bldg. 


.  3  10  l3*tUs?*d  p eep 


2  j  1  jCedcr  tm  - 
(  [symetricai 


3  12  iBadly  battared 

I  peep 

Bar*  spot  ca 
jdistent  ridge 

10  [Barracks 


1  j  ?  Corner  large 


1  !  8 


ppp*T  MTM  of 


loci,  13 


$/  Track  body  with  .  831 
'  no  wheel* 


5  pa*  root  bldg. 


Remarks 


Cbseurea  by  brush* 
(contrast  lor. 


Caly  part  of  bldg.  vis-j  ki 
ible  along  paved  1 

street. 

Obscured  by  brush  and 
lor  contrast. 

On  slightly  higher 
ground  than  O.P.  with 
coda  rat*  depression^ 
intervening — seen  * 

against  sky. 

Cb  eroded  slope  across 
broad  ravine. 


Bo  specifio  object  as 
target.  Distance  is  an 
!  even  nils. 

On  eainenc*  partly 
hidden  by  trees. 

On  upward  slope  of 
grass  covered  clearing 
— uutline  sharp. 

Along  straight  paved 
road. 

Lone  bldg,  on  hill—*  ' 
sighted  upvard 
against  sky. 

Only  eppar  corner 
cf  bldg,  visibls 
along  paved  street. 


%  Erroneous 
Estimates 


34  32 


23  32 


de  Arranged  in  similar  order,  Figure  3«  *  to  £>  chows  graphically 
the  distribution  cf  errors  on  these  targets*  Ce  7~of  than,  35^  or  aore  of  the 
estimates  were  within  10?  of  the  true  range.  Six  of  these  were  on  the  first 
range,  which  together  with  the  lower  avera^i  error  on  this  range  suggest*  that 
target*  in  urban  areas  present  less  difficulty  those  in  open  country.  There 
was  a  tendency  to  underestimate  the  distances  os  19  targets,  to  overestimate  on  8, 
while  on  5,  although  the  errors  were  ntsaerous,  no  patter  of  error  was  discernible. 
Tablo  6  lists  those  targets  which  were  most  strikingly  over-  or  underestimated, 
and  presents  the  predominant  character  of  error  on  them  for  all  the  mm,  end  for 
the  10  beet  sen.  Since  the  errors  of  both  groups  of  men  ie  is  the  ease  direction 
on  both  fete  of  target#,  the  impression  is  gained  that  the  type  of  error  is  a 
function  of  the  target  rather  than  of  the  individuals  doing  the  estimating.  Nor 
did  it  appear  that  the  pattern  of  error  for  any  one  man  ms  characteristically 
over  or  short. 


e.  These  observations  night  be  applicable  to  specific  cccbat  situations 
confronting  armored  crews.  When  the  rang*  must  be  estimated  to  a  terrain  feature 
in  the  vicinity  of  which  as  enemy  strcogpoint  is  suspected,  the  estimate  is  m 7 
likely  to  be  more  than  10£  short  if  the  object  is  one  which  has  sharp  outlines. 

If  the  target  be  a  vehicle,  or  a  tree,  for  example,  its  distance  will  tend  to  be 
vnderestiaated  if  its  contours  are  sharp,  and.  overestimated  if  only  part  of  it 
is  seen,  and  that  indistinctly. 
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PERCENT  OF  ALL  ESTIMATES 


DISTRIBUTION  OF  4472  RANGE  ESTIMATES  MADE  BY 
TRAINEES  IN  GUNNERY  AT  THE  A.R.T.C. 

(O)  20  TARGETS  ON  2  RANGES  ESTIMATED  BY  ALL  MEN. 

(  b  }  AN  ADDITIONAL  12  TARGETS  ON  A  3  RD«,  RANGE 
ESTIMATED  BY  HALF  THE  MEN. 


MAGNITUDE  OF  ERRORS 

WITHOUT  REGARD  TO  SIGN 


Z&el.  #4 


FIG.  I 


NO.  OF  MEN 


MEDIAN  RANGE  ESTIMATION  ERRORS  OF  86 
INEXPERIENCED  GUNNERY  TRAINEES  AT  A.RXC. 
(32  TARGETS  ON  3  RANGES) 


MEDIAN  %  ERROR  FOR  32  ESTIMATES. 
WITHOUT  REGARD  TO  SIGN 


Jbel.  * 


FIG.  2 
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FIG.  3  A-P 

DESTRIBUTION  OF*  RANGE  ESTIMATION 
ERRORS  FOR  EACH  TARGET 

INDICATING  BOTH  THE  DIRECTION  AND  MAGNITUDE  OF  ERROR. 


THE  CHARTS  ARE  ' ARRANGED  sN  THE 
SAME  ORDER  AS  IN  TABLE  5. 


RANGE1*!*  !0  TARGETS-  APPOX.  175  MEN 
*£  !0  TARGETS- APPOX.  175  MEN 
*3-12  TARGETS- APPOX.  86 MEN 


FIG.  3 
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FIG.  3-f 
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FIG.3-J 
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FIG.  3-J 
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